Abstract In this work, we report for the first time, synthesis of silver nanoparticles using Cassia roxburghii leaf extract and evaluate its synergistic antibacterial efficacy and antioxidant potential. The synergistic antimicrobial activity of silver nanoparticles with commercial antibiotics against Gram-positive, Gram-negative bacteria and fungi was evaluated. The antioxidant potential of synthesized silver nanoparticles was evaluated by FRAP and ABTS radical scavenging antioxidant assays. UV-Vis spectra peak at 473 and color change from colorless to brown color confirmed the formation of AgNPs. X-ray diffraction (XRD) and selected area electron diffraction (SAED) pattern confirmed the crystalline nature of synthesized nanoparticles. Transmission electron microscopy (TEM) analysis revealed the average size of particles to be 15-20 nm. Fourier transform infrared spectroscopy (FTIR) revealed the functional groups C. roxburghii leaf that was responsible for the reduction and capping process of nanoparticles. C. roxburghii leaf extract synthesized AgNPs showed good synergistic antimicrobial against Gram-negative bacteria even better than some of the antibiotics used as positive control; they also showed antioxidant potential. The results suggest that the synthesized nanoparticles can be used to treat multidrug resistant microorganisms and stress related diseases and disorders.
Introduction
The field of nanotechnology is the most active area of research in modern material science. Nanoparticles exhibit completely new or improved properties as compared to the larger particles of the bulk materials that they are composed of [1] . Nanoparticles are synthesized from various metals such as copper, zinc, titanium, magnesium, gold and silver. Their distinctive sizedependent properties make them superior and have numerous applications in various fields such as biotechnology, bioengineering, textile engineering, water treatment, metal-based consumer products and other areas such as electronic, magnetic, optoelectronics and information storage. However, silver nanoparticles (AgNPs) are of particular interest due to their specific properties and wide applications in different fields such as household appliances, catalysis, biosensing, imaging, drug delivery, nanodevice fabrication and in medicine [2] . Silver nanoparticles have also proved to have good antimicrobial efficacy. Green synthesis of silver nanoparticles and their antimicrobial activity has been reported by many researchers [3, 4] .
Nowadays mankind is faced with two problems viz. emergence of multidrug resistant bacteria and the infectious diseases caused by them which have become global health threat and diseases and disorders caused by free radicals. Antioxidants are compounds which are potential quenchers of free radicals and prevent them from attacking biological targets before they cause diseases i.e. they inhibit free radicals induced oxidative damage. Natural antioxidants are more popular than synthetic ones because they are easily available and nontoxic in nature.
Silver nanoparticles can be synthesized by physical, chemical or biological methods. However, the most popular method is biological synthesis because it is cost effective, environment friendly; easily scale-up for large scale synthesis and there is no need to use high pressure, energy, temperature or toxic chemicals [5] . Biological nanoparticles synthesis can be done by the use of microorganisms [6] , enzymes [7] or plants (any part of the plant) such as Bunium persicum seed [8] , Dalbergia spinosa leaf [9] , Piper longum fruit [10] and Cassia roxburghii stem [11] . However use of plant extract mediated synthesis is more advantageous than other biological processes simply because the rate of reduction of metal ions is much faster, and stable nanoparticles are formed.
The Cassia genus (Family: Fabaceae) represents one of the largest and most diverse group of flowering plants, including herbs to trees. Cassia species have biological and medicinal activities such as immunomodulatory, antioxidant, antimicrobial and hypolipidemic [12, 13] . Antimicrobial and antioxidant efficacy of AgNPs synthesized using Cassia roxburghii stem and synergistic antibacterial efficacy of AgNPs synthesized using Cassia roxburghii flower is already reported [11, 14] . In the present work, silver nanoparticles were synthesized using aqueous leaf extract of Cassia roxburghii DC. Effect of boiling time for the preparation of plant extract and extract amount addition for the formation of silver nanoparticles was also standardized. The characterization was done by various spectral analyses such as UV-Vis spectra, FTIR, XRD, TEM and Zeta potential. The synthesized silver nanoparticles were evaluated for their synergistic antimicrobial activity with fifteen commercial antibiotics against four pathogenic bacteria and four fungi which included one clinical isolate. The antioxidant efficacy of synthesized silver nanoparticles was evaluated by ABTS and FRAP antioxidant assays.
Materials and methods

Chemicals and plant collection
The fresh leaves of Cassia roxburghii DC (CR) were collected from Saurashtra University campus, Rajkot, Gujarat, India. All the chemicals were obtained from Hi Media Laboratories and Sisco Research Laboratories Pvt. Limited, Mumbai, India. Milli Q water was used for all the experiments.
Preparation of the extract
Fresh leaves were thoroughly washed with tap water, followed by double distilled water and cut into small pieces. 5 g of cut leaves was boiled for 5 min in 100 ml ultra pure water and filtered through Whatman No. 1 filter paper. The filtered leaf extract was used for the synthesis of silver nanoparticles.
Synthesis of silver nanoparticles
Aqueous solution (1 mM) of silver nitrate (AgNO 3 ) was prepared and used for the synthesis of silver nanoparticles (AgNPs). 6 ml of aqueous leaf extract was added to 40 ml of 1 mM AgNO 3 solution for the reduction of Ag + ions. The synthesis of silver nanoparticles was carried out at room temperature (25°C ± 2°C) for 24 h in dark. The silver nanoparticles solution thus obtained was purified by repeated centrifugation at 10,000 rpm for 10 min followed by redispersion of the pellet of silver nanoparticles into acetone. After air drying of the purified silver particles, they were stored at 4°C for further analysis.
Effect of boiling time
In order to standardize the effect of boiling time for the preparation of aqueous leaf extract of C. roxburghii, 5 g of cut leaves was taken in 100 ml ultra pure water and boiled for 5 min, 10 min and 15 min. and then filtered through Whatman No. 1 filter paper. The filtered C. roxburghii leaf extract was used for the synthesis of silver nanoparticles. The formation of AgNPs was monitored as a function of time of reaction on a spectrophotometer (Shimadzu UV-1601) by taking O.D. at 440 nm at an interval of 15 min.
Effect of extract amount
In order to standardize the effect of extract amount to be added to 1 mM AgNO 3 solution, different amount of extract (1.5 ml, 3.0 ml, 4.5 ml and 6.0 ml) was added to AgNO 3 solution. The formation of AgNPs was monitored as a function of time of reaction on a spectrophotometer (Shimadzu UV-1601) by taking O.D. at 440 nm at an interval of 15 min.
Characterization of the synthesized silver nanoparticles
The synthesis of silver nanoparticles was confirmed by UV-Vis absorption spectra. The reduction of the Ag + ions in solution was monitored by periodic sampling of reaction mixture, and the absorption maxima were scanned by UV-Vis spectrophotometer (Shimadzu UV-1601) in 400-700 nm range operated at an interval of 10 nm.
FTIR analysis
Possible functional groups involved in the synthesis and stabilization of silver nanoparticles were studied by FTIR spectroscopy. The FTIR spectra were recorded in the range of 400-4000 cm À1 Nicolet IS10 (Thermo Scientific, USA). The various modes of vibrations were identified and assigned to determine the different functional groups present in the C. roxburghii leaf extract.
Zeta potential measurement
Zeta potential is an essential parameter for the characterization of stability in aqueous nano suspensions. The zeta potential measurement was performed using a Microtra (Zetatra Instruments).
XRD measurement
The structure and composition of synthesized AgNPs were analyzed by XRD. The formation of Ag nanoparticles was determined by an X'Pert Pro X-ray diffractometer (PAN analytical BV) operated at a voltage of 40 kV and a current of 30 mA with Cu Ka radiation in h-2h configurations. The crystallite domain size was calculated from the width of the XRD peaks, assuming that they are free from nonuniform strains, using the Scherrer formula. D = 0.94k/b Cos h where D is the average crystallite domain size perpendicular to the reflecting planes, k is the X-ray wavelength, b is the full width at half maximum (FWHM), and h is the diffraction angle.
TEM analysis
TEM analysis was done to visualize the shape as well as to measure the diameter of the biologically synthesized silver nanoparticles. The sample was dispersed in double distilled water. A drop of thin dispersion was placed on a ''staining mat". Carbon coated copper grid was inserted into the drop with the coated side upwards. After about ten minutes, the grid was removed and air-dried and then screened in JEOL JEM 2100 Transmission Electron Microscope.
Synergistic antimicrobial activity
The synergistic antimicrobial activity of 15 commercial antibiotics alone and antibiotics plus AgNPs was determined against 2 Gram-positive bacteria (S. aureus and B. cereus) and 2 Gram-negative bacteria (E. coli and P. aeruginosa) and 4 fungal (C. albicans, C. glabrata, C. neoformans and C 44, a clinical isolate) strains, by agar disk diffusion method [15] . 20 ml of 3 mg/ml AgNPs was loaded on to sterile disk. All experiments were performed in three replicates, and mean values are presented.
Assessment of increase in fold area
The increase in fold area was assessed by calculating the mean surface area of the inhibition zone of each antibiotic and antibiotic plus AgNPs. Increase in fold area was calculated as (B 2 À A 2 )/A 2 , where A and B are the inhibition zones for antibiotics and antibiotics + Ag-NPs, respectively.
Determination of antioxidant activities
The antioxidant activity of C. roxburghii leaf extract synthesized AgNPs was measured by two in vitro antioxidant assays viz. ABTS cation radical scavenging activity and FRAP activity. The details are as described earlier [16] .
Qualitative phytochemical analysis
The crude powder of leaf was subjected to qualitative phytochemical analysis [17] . The phytochemicals analyzed were alkaloids, flavonoids, tannins, phlobatanins, triterpenes, steroids, saponins and cardiac glycosides.
Results and discussion
Standardization
Effect of boiling time
In order to evaluate the effect of boiling time for the leaf extract preparation, the leaves were boiled for 5, 10 and 15 min. The UV-Vis spectrum of silver nanoparticles was recorded at different time interval of reaction medium. There was very little difference in the formation of AgNPs by 5 and 10 min boiling time but 15 min boiling time decreased the formation of AgNPs (Fig. 1a) . Hence, 5 min boiling time was finalized for the preparation of the leaf extract.
Effect of extract amount
In order to evaluate the effect of amount of leaf extract to be added to silver nitrate solution for the formation of AgNPs, different aliquots of 5 min boiled leaf extract (1.5, 3, 4.5 and 6 ml) were added to 40 ml 1 mM AgNO 3 . The UV-Vis spectrum of AgNPs was recorded at different time interval of reaction medium. The particles synthesis occurred faster in 6 ml extract amount than 1.5, 3, 4.5 ml extract amount (Fig. 1b) . SPR intensity was increased with increasing extract amount due to formation of more AgNPs. Hence, 6 ml extract was finalized for the synthesis of AgNPs.
Characterization
UV-Vis spectral analysis
The leaf extract was light green in color and when it was added to colorless sliver nitrate solution, the solution turned brown rapidly within 10 min; it turned to dark brown and by 2 h the solution turned black (Fig. 1c) . The color change occurs due to surface plasmon resonance of silver nanoparticles formed. Intensity of brown color increased in direct proportion to the incubation period and finally it turned black. The characteristic brown color of silver solutions provided a convenient spectroscopic signature to indicate the formation of AgNPs. It was incubated in dark for 24 h at room temperature. The formation of AgNPs occurs from few minutes to hours as reported for different plant extracts [14, 18] .
The formation of the AgNPs was monitored by UV-Vis spectroscopic analysis. The UV-Vis spectrum of silver nanoparticles recorded at different time interval of reaction medium (0, 10, 20, 30 min) is given in Fig. 1d . The spectrum showed maximum absorption peak at 473 nm (Fig. 1d) . The peak observed for synthesized AgNPs was comparable with that of Iresine herbstii [19] . The silver was reduced to silver nanoparticles with the help of phytoconstituents such as flavonoids, tannins and triterpenes present in C. roxburghii leaf ( Table 1) . The flavonoids present in the leaf extract are powerful reducing agents which may be suggestive for the formation of AgNPs by reduction of silver nitrate.
FTIR analysis
FTIR analysis was done to identify the possible bio-reducing biomolecules in the extract. À1 correspond to pyrimidine ring out of plane ring bending (heterocyclic ring). The data indicated the involvement of alcohols, carboxylates, amines, alkanes, alkynes and amino acid residues present in C. roxburghii leaf extract in the synthesis of AgNPs.
According to Gole et al. [20] free amino groups or cysteine residues in the proteins can bind to AgNPs and lead to the stabilization of AgNPs by the surface bound proteins. Similar results are reported by Padalia et al. [15] . The FTIR results of the present work suggest that the carbonyl group from the amino acid residues and proteins has stronger ability to bind metal, indicating that the proteins could possibly be involved in capping of silver nanoparticles and thus prevent agglomeration and thereby stabilize the medium. This suggests that the biological molecules could possibly perform dual functions of formation and stabilization of silver nanoparticles in the aqueous medium.
Zeta potential measurement
Zeta potential is an essential parameter for the characterization of stability in aqueous nano suspensions. A minimum of ±30 mV zeta potential values is required for stable nano suspension. The zeta potential of synthesized AgNPs was 34.31 mV. Hence, it can be concluded that the synthesized nanoparticles are fairly stable. It has been stated that secondary metabolites present in the plant are responsible for stabilizing the synthesized nanoparticles. Flavonoids, tannins and terpenoids present in the leaf may be the surface active molecules stabilizing the nanoparticles (Table 1) .
XRD analysis
X-ray diffraction (XRD) patterns of silver nanoparticles synthesized using aqueous extract of C. roxburghii leaf at room temperature indicate that the structure of silver nanoparticles is face-centered cubic (fcc) (Fig. 3) . XRD analysis showed three distinct diffraction peaks at 2 theta values of 15.49°, 15.80°and 15.80°indexed to the (1 1 1), (2 0 0) and (2 2 0) crystalline planes of the fcc structure of metallic silver (lattice Constant a = 4.086 Å , was matched well with Joint Committee on Powder Diffraction Standards (JCPDS) values) (Fig. 3) . The sharping of the peak clearly indicated the crystalline nature of the synthesized AgNPs [21] .
TEM analysis
The morphology and size of the synthesized particles were determined by Transmission Electron Microscopy (TEM). TEM analysis revealed that the synthesized silver nanoparticles were spherical in shape with average size of the particles ranging from 15 to 20 nm (Fig. 4a-c) . Husseiny et al. [22] reported average size of 5-13 nm for AgNPs. Crystalline nature of the green synthesized AgNPs was further confirmed by selected area electron diffraction (SAED) (Fig. 4d) . Energy-dispersive X-ray (EDX) spectroscopy analysis was performed to confirm the presence of elemental silver (Fig. 4e) . Peaks for Cu and C are from the TEM grid used, and the 
Synergistic antimicrobial activity
Antibiotics are generally used to treat many bacterial and fungal infections. But use and misuse of the antibiotics has led for antibiotic resistant microorganisms; there is a steady rise and calls for an urgent alternative source to treat them. In the present work, 15 commercial antibiotics were tested alone and with AgNPs i.e. antibiotics plus AgNPs against two Grampositive bacteria (Bacillus cereus and Staphylococcus aureus), two Gram-negative bacteria (Escherichia coli and Pseudomonas aeruginosa) and four fungi which included 1 clinical isolate (Candida albicans, Candida glabrata, Cryptococcus neoformans and C44 -a clinical isolate). The diameter of inhibition zone was measured, and increase in fold area was calculated. AgNPs alone did not show any antimicrobial activity while antibiotics alone and antibiotics plus AgNPs showed antimicrobial activity; however the activity of antibiotics plus AgNPs was better than antibiotics alone in most of the microorganisms tested as evidenced by increase in fold area (Tables 2-5) . Out of 11 antibiotics tested, synergistic activity i.e. antibiotics plus AgNPs was found with 6 antibiotics against both Gram-positive bacteria B. cereus and S. aureus as evidenced by increase in the fold area. Maximum increase in fold area was 0.51 and 0.48 against CEP 30 and CC 10 ( Table 2 ). The synergistic antibacterial activity against E. coli and P. aeruginosa was definitely better than that against Gram-positive bacteria. E. coli was inhibited by 5 antibiotics and P. aeruginosa by 9 antibiotics when antibiotics plus AgNPs were used. Maximum increase in fold area was against CC 10 (1.1) by E. coli while it Table 2 Synergistic activity of AgNPs of Cassia roxburghii leaves with different standard antibiotics against Gram-positive bacteria. was 0.64 against TE 30 by P. aeruginosa (Table 3 ). The Grampositive bacteria are composed of thick peptidoglycan layer while Gram-negative bacteria have thin peptidoglycan layer which facilitates easier penetration of AgNPs into cell wall of Gram-negative bacteria [24] . Jeeva et al. [25] reported moderate antibacterial activity of C. coriaria AgNPs against pathogenic bacteria while Fayaz et al. [26] reported enhanced antibacterial activity with antibiotics. Mahitha et al. [27] and Kushwaha and Malik [28] reported antibacterial and antifungal activity of Bacopa monniera whole plant and Verbesina enceliodes leaf AgNPs respectively. Antibacterial and antifungal activities of AgNPs from Tephrosia purpurea leaf extract were reported by Ajitha et al. [29] . The difference in the response with different researchers may be because of the difference in the size and shape of synthesized AgNPs.
The antifungal activity was done with 4 antibiotics against 4 fungal strains; antibiotics plus AgNPs showed activity with all the 4 antibiotics against C. glabrata and C. neoformans (Table 4) while only KT 30 plus AgNPs showed activity against C. albicans and NS 100 and AP 100 showed activity against clinical isolate C44 (Table 5) . Maximum activity as evidenced by maximum increase in fold area was against C. neoformans by FLC 10 followed by C. albicans against KT 30 . Kotakadi et al. [30] reported antifungal activity with one antibiotic i.e. fluconazole while Gajbhiye et al. [31] reported antifungal activity with antibiotic amphotericin B. We are perhaps for the first time reporting the combination or synergistic effect of 15 antibiotics with AgNPs against pathogenic bacteria and fungi and it is a new finding. The exact mechanism of antimicrobial activity of AgNPs is not known but it may be because of (i) tyrosine phosphorylation of putative peptides substrates critical for cell viability and cell division, (ii) change in membrane permeability, (iii) loss of replication ability of DNA and ATP production, (iv) formation of free radicals, etc. [32] .
Antioxidant activity
Antioxidant efficacy of synthesized AgNPs was evaluated using ABTS radical cation scavenging assay and FRAP assay. ABTS Å+ is a blue chromophore generated from the oxidation of ABTS by potassium persulfate, in the presence of the plant extract, preformed cation radical gets reduced and employs a specific absorbance at 734 nm, a wavelength remote from the visible region and it requires a short reaction time. The ABTS cation radical scavenging activity increased with increase in the concentration of AgNPs. ABTS cation radical scavenging activity was 27-73% at a concentration range of 40-240 mg/ ml (Fig. 5) ). Moteriya and Chanda, [16] reported 23-95% ABTS cation radical scavenging activity and 8.8 Mg À1 FRAP activity of AgNPs synthesized using C. pulcherrima flower extract.
Conclusion
Silver nanoparticles were successfully synthesized using Cassia roxburghii leaf extract. The synthesized silver nanoparticles were characterized by UV-Vis spectra, FTIR, XRD and TEM analysis. The maximum absorption peak in UV spectra was 473 nm. X-ray diffraction analysis confirmed the crystalline nature of synthesized AgNPs. TEM analysis revealed the average size to be 15-20 nm. The synthesized AgNPs showed good synergistic antibacterial activity with 15 commercial antibiotics against few pathogenic microorganisms. This is a green, economical and rapid method for the fabrication of AgNPs and they could be utilized as alternative source of antibiotics for the management of multidrug resistant microorganisms. To the best of our knowledge, this is the first report on the biosynthesis, characterization, synergistic antibacterial and antioxidant activity of silver nanoparticles synthesized using Cassia roxburghii leaf. 
